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Abstract - The goal of this article is to solve problems of 
automated monitoring systems of industrial and aviation 
constructions. Based on the latest research results, the most 
cost-effective solutions are covered, and a practical solution 
is offered. This article is part of the scientific project 
“Development of an integrated sensor system for material 
and structure monitoring”. The article describes the problem 
and suggests a practical solution for an integrated sensor 
system for material and structure monitoring prototype. 
Keywords - Non-destructive testing, integrated monitoring, 
piezoelectric sensor, impedance. 
I. INTRODUCTION 
Monitoring of constructions is made “all the time”, that is to 
say - any interval deemed necessary; from the point of view of 
statistics - when the variable “chance the construction would 
crash” meets the variable “this much money can be spent on 
inspection”. So, some faults could still occur. Manufacturing 
plants stop, trains break and even derail, bridges crumble and 
collapse, aircrafts fail and even crash. To make such occurrences 
less often and less severe, automated monitoring systems should 
be introduced. Systems that would really be able to monitor all 
the time - constantly and without any intervals; this would let us 
know when the first sign of a budding problem occurs instead of 
how it has to be done immediately - the best that can be done 
with manual maintenance at intervals - if luck allows it, to find 
actual problems that have already appeared or even clustered 
together, forming a bigger problem [1],[2],[4]-[6] Inventing and 
introducing such systems always come with certain limitations. 
Firstly - the system should be safe, secondly - the monitoring 
system should cost considerably less than the object it will be 
monitoring. This article will evaluate methods that can be used 
to monitor the state of constructions and the base elements, the 
sensory elements used for these methods, and offer a practical 
solution. The project objective is expected to develop a new 
technology which is mainly based on the reference-free principle 
of assessment of the monitoring results. A prerequisite for the 
successful solution of this problem is the results of recent original 
studies concerning the structure/sensor loading effects on the 
interaction of ultrasonic waves with structural defects.  
II. FULL ELECTROMECHANICAL IMPEDANCE METHOD 
A rather new method is the electromechanical impedance or 
full resistance (impedance) (EMI) method. The method entails 
scanning the sample with sound waves in a specific frequency 
range and the sensors then read the signature of the sample. If the 
state of the sample changes, so does the signature. This method 
is not particularly widespread. The tools to use the EMI method 
for now are comparatively expensive and to actually use it an 
extensive knowledge base is needed regarding the signature of 
material, as the signature is affected by various conditions, such 
as load, microfractures and also ambient sound; if the material 
can soak up humidity, the humidity level will also affect the 
signature. Lately, more acceptable solutions can already be found 
on the market both in terms of the price of the equipment and 
availability of databases. The databases are based on research 
performed with those devices and have data such as, for example, 
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the suggested frequency range for concrete construction 
depending on the depth of the scan required [8]. 
III. NDT SOLUTION 
The most commonly used simple EMI system is based on an 
impedance converter, see Fig. 1, as the AD5933 1 MSPS, a 12-
Bit converter and its evaluation hardware EVAL-AD5933EBZ. 
The pros of this system are its comparatively low price, industrial 
temperature range of -40 °C to +125 °C; 2.7 V to 5.5 V power 
supply operation and the serial I2C interface, which allows the 
elements not only be linked to a computer system, but also 
microcontroller systems, thus making the whole system 
configuration and system costs more flexible [7]. 
 
 
Fig. 1 Impedance Converter (upper image) and (lower image) 
impedance (Ω) depending on frequency (Hz) output graph. 
Such microchips are mostly intended for medical or 
network uses, so they are not ideal for use in construction 
monitoring. But, if the automated monitoring systems 
based on this method were to become more 
commonplace, then the specialized systems should also 
become more available. During the research (Venu Gopal 
Madhav Annamdas, Yaowen Yang, Chee Kiong 
Soh,2010) [8], testing of concrete constructions was 
commenced using an Embedded PZT Sensor; the 
research confirmed that 100 kHz frequency was optimal 
for the tests on the concrete and the maximum 
measurement range was 200 mm. Since the chip can 
measure only the resistance, but not the capacitance or 
inductance, it is therefore necessary to take into account 
the expected circuit diagram of the PZT model. This 
model can be formed from resistors, capacitors and 
inductors using appropriate equations (1), (3), (2). 
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To improve accuracy based on the manufacturer's 
recommendations, the following equations (4) can be used to 

















   (4) 
Where: 
ZMAX is the real maximum impedance. 
ZMIN is the real minimum impedance. 
XMAX is the maximum measured impedance. 
XMIN is the minimum measured impedance. 
 
IV. SMALL SINGLE-BOARD COMPUTERS AND PROTOTYPE 
 Various applicable elements where revised and each had its 
strong and weak points. Among them, the following 
minicomputers where found to be the most optimal - see below. 
With the creation of a popular company, the Raspberry Pi 
Zero W minicomputer can work with various available operating 
systems as well as a self-made one. They are promoted as a $5 
device, although it costs $25 to acquire one. The leading 
advantage of this solution is its small size; it has Bluetooth 4.0 
and is wireless network compatible. It consumes 100-350 mA on 
average, which can be considered as very efficient. Logic works 
with 3.3V, which allows for a wide variety of auxiliary modules 
and elements that can be used in conjunction. A somewhat 
similar creation of another company - the Orange Pi Zero Plus - 
an upgraded version of the Orange Pi Zero, has no power over 
ethernet (POE), making it a less attractive option for the 
prototype. The latest generation Raspberry Pi 4 is a reliable 
solution all-round, but its power consumption is higher than the 
others, as it has integrated a powerful video graphic module, 
which is a completely useless element in the project, just like its 
support of USB 3.0, as sufficient LTE can be ensured via USB 
2.0. A study of LTE problems is discussed in the article [9]. As a 
result, for this project at this phase of research, the less known 
Orange Pi zero is more viable. An additional downside of this 
module can also be noted, which is that the components are not 
the latest generation and as it is not a large company, the technical 
support is subpar. Even though the Orange Pi zero by default can 
support POE (though is not preinstalled), it only provides up to 
5V max. for it. It is obviously insufficient for long range 
communications. The majority of POE injectors have 24V or 
more as their operating voltage. Studying the schematic allowed 
one to make the conclusion that it is possible to modify the board 
to provide higher POE values. 
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Fig. 2. Power over Ethernet (POE) of the Orange Pi zero. 
 Explanation of the required modifications to increase POE 
voltage: According to the schematic, both POE+ and POE- pins 
are connected to the GND through 750Ω resistors (R136 and 
R135 in Fig. 2). In the case that higher voltage would to be 
provided to this junction, it would lead to either or even all of the 
following: burning out of the resistors; burning of the electrical 
pathways of the circuit board; or power supply malfunction. 
Since higher voltage is a must, these resistors will need to be 
removed.
 
Fig. 3. Power shunt Resistors R29 and R358. 
By default, the circuit board does not have resistors R29 and 
R358 installed, and their sockets are empty. To achieve POE with 
the required voltage, the R358 socket needs to be short circuited, 
but in the R29 socket a voltage decreasing regulator to 5V is to 
be installed to safely power the board itself. 
Now the Orange Pi zero is primed to be linked with elements 
with a lot higher voltage level. 
Using the modules described above, a prototype of the 
system was created (see Fig. 4), which consists of the following 
parts: Orange Pi zero module. 
1. POE voltage decreasing regulator 6-45V to 
5V 5A; 
2. Power distribution bord with 5V 3.3V and 
I2C connectors; 
3. Impedances measuring module I2C; 
4. UART keyboard; 
5. Temperature and humidity sensors. I2C. 
 
Fig. 4. Orange Pi zero with modified power supply and installed 
distribution connections for the measurement of impedance. 
Another very promising one is a Linux based minicomputer- 
the “Onion Omega2+ Linux Compute Module”. It is priced just 
over $ 10 with built-in Wi-Fi. It is offered as an independent 
daughter board, the power can be supplied via independent 
transformer/power supply connection or a separate RJ45 (POE), 
which is preferable for intended use. The size of the module 
measures 34x20x2.8mm or 42.9×26.4×9.9 mm (see Fig. 5) 
depending on the modification. Powered with 3.3V the 
minicomputer consumes 400 to 800 mA. Following, if one 3.7V 
Li-ion 18650 mA battery would be used, the board could work 
for 6-9 hours continuously. 
Comparing the relevant properties, the Onion Omega family 
products are preferred over Orange Pi zero. Since both Onion and 
Orange microcomputers are Linux based, switching from one to 
the other is viable.  
 
Fig. 5. Onion Omega2+ Linux Compute Module 
CONCLUSION 
The objective of the project is to develop a new technology 
that utilizes a reference-free principle of assessment of the 
monitoring results. Though the Orange Pi solution requires some 
manual modification to adjust it to the POE requirements, this 
modification also provides the system with flexibility not found 
in the default configuration of any other stock computing 
solution due to ability to provide higher or lower POE voltages, 
while the Onion Omega has RJ45 by default, allowing easier 
installation, though provide only default voltage values. The 
modified computing system has numerous applications when 
used in conjunction with wired, wireless and even LTE 
communications. The results and, as a proxy, the price, of any 
method used, will highly depend on how well-placed sensory 
elements and modules are and how effective they work together. 
According to the project plan, practical experiments are still 
scheduled for a later date. The experiments will allow to further 
test the method and to better optimize it for future applications, 
such as in the field of aviation and industrial objects and fields. 
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